Horses are an important source of allergens, but the distribution of horse allergens is poorly understood. Five horse allergens have been identified, Equ c 1-4 and 6. Equ c 4 seems to be an important allergen, with an IgE-binding frequency of 77% in horse-sensitized individuals.
| INTRODUC TI ON
Allergies such as those leading to asthma, rhinitis, eczema and even anaphylactic reactions are some of the most common diseases world-wide. 1 In Sweden, the most common allergies are to pollen allergens followed by an increasing incidence of allergies to allergens from furry animals. 2, 3 The prevalence of horse allergy in the population is not well studied. In one study, where the aim was to investigate the increase in sensitization to common airborne allergens in northern Sweden, the prevalence of positive skin prick tests to horse was approximately 7% and 10% in 1994 and 2009, respectively. 4 Allergic sensitization to horse allergen, without direct or occupational exposure, has been shown and is more frequent than expected in urban-living subjects. 5 The spread of horse allergens to the surroundings has been investigated since there is a potential health risk for horse-allergic individuals in the general population. 6, 7 The existence of animal breeds-cat, dog and horse-with socalled hypoallergenic properties has been suggested and extensively debated. Differences in dog (Can f 1) allergen production have been shown between different dog breeds, but the variability between individuals was very large and it was concluded that a hypoallergenic dog breed does not exist. 8, 9 A study performed in Germany on the most common cattle breeds showed a high variability in allergen levels between individual animals. The results also indicated that allergen production was not related to breed or to gender. 10 Similar studies have been performed for horses and, for example, the Bashkir horse and the American Curly horse have been suggested to be hypoallergenic. 11 However, no breed-specific allergens have previously been identified although variations could be seen between and within breeds. 12 In a preliminary study, we compared three breeds:
the Bashkir horse, the Icelandic horse and the Swedish warmblood horse (Elfman et al, EAACI 2010) . The median levels of airborne horse allergen (Equ c x) were highest for the Iceland horse and the Swedish warm-blooded horse and lowest for the Bashkir horse.
The allergens of Equus caballus listed in the World Health
Organization and International Union of Immunological Society (WHO/IUIS) Allergen Nomenclature Database (http://www.allergen.org) are • Equ c 1, a 25 kDa lipocalin, which is believed to be the major horse allergen. 13, 14 Up to 76% of horse-allergic patients react to Equ c 1. 15 • Equ c 2, a 17 kDa lipocalin that showed IgE binding, by immunoblotting, in horse-sensitized patients. 16, 17 • Equ c 3, a 67 kDa horse serum albumin 17, 18 that showed IgE binding in 50% of patients tested. 19 • Equ c 4, a 17 (20.5) kDa protein with latherin function. [20] [21] [22] Approximately 77% (17 of 22) of horse-allergic patients showed IgE binding in ELISA, enzyme-linked immunosorbent assay. 20 • Equ c 5 was removed from the databases in January 2015, since the protein was later identified to be Equ c 4.
• Equ c 6, a 15 kDa lysozyme which seems to be both a food and dermal allergen. 23 The horse allergen Equ c 4 belongs to a family of proteins known as latherins, which are present in horse sweat and saliva. The intrinsic surfactant activity of these proteins suggests that they act as wetting agents and play a role in the thermoregulation of equines. Equids are flight animals that can produce large amount of sweat during heavy activity and the detergent-like activity of Equ c 4 seems to facilitate cooling. Latherin in equine saliva might help wet the fibrous feed that equines are adapted to. 24 The amino acid sequences of latherins are similar to that of the PLUNCs (palate, lung, nasal epithelium clones) protein family, which are found in mammals. 25 ELISA is the gold standard method for quantifying allergens. 26 In previous studies, a sandwich ELISA has been used to measure horse allergen, based on the monoclonal antibodies (mAb) 103 and 14G4 (MabTech AB, Stockholm, Sweden). 27 To date, it has not been known which horse protein these mAb's recognize, only that the molecule is approximately 16 kDa. 6 It has been suggested that the target protein is Equ c 4, but this has not been confirmed, 28 and until now this allergen has been referred to as Equ c x.
The aim of this study was to investigate levels of horse allergen Equ c 4 in dander, saliva and urine from ten different horse breeds.
First, we investigated if native Equ c 4 was detected by the mAb 103 and 14G4, indicating that Equ c x is indeed Equ c 4. The distribution of the dander/saliva samples is presented in Table 1 . Horse dander (HD) was obtained by grooming the horses with a brush, and the dander was kept in Petri dishes at 4-8°C until extracted (maximum 3 days). Extracts of horse dander were performed as in earlier studies. 6, 27 Extracts were kept at −70°C until analysed.
| MATERIAL AND ME THODS

| Study population
Discrepancies between dander and saliva samples can be explained
Horse saliva (HS) was obtained using Salivette ® (Sarstedt, Numbrecht, Germany). The cotton-swab was held by using metal tweezers and placed on the tongue for one minute. The swab was then placed in the Salivette ® tube and kept cool until centrifugation. Saliva samples were centrifuged within 8 hours, at 1000 g for 10 minutes, and kept at −70°C until analysed. 
| Purification of natural Equ c 4
In brief, 5 g of horse dander (Allergon, Angelholm, Sweden) was dissolved in 90 mL of Tris-HCl pH 7.4. The protein concentration of the extract was determined to be 4.25 mg/mL (Pierce™ BCA Protein Assay Kit, Thermo Fisher Scientific, Waltham, MA). The extract was purified using anion exchange chromatography (AIEX) on a HiTrap ® Q HP 5 mL column (GE Healthcare, Uppsala, Sweden), and the peak fractions were further purified using size exclusion chromatography (SEC) using a HiLoad ® 16/600 Superdex ® 75 pg column. The resulting minor peak was further purified by AIEX using a Mono Q ® 10/100 column, and the purity was determined to be ~98%, analysed by SEC using a Superdex 75 10/300 GL column (GE Healthcare). The Equ c 4 sequence was verified by liquid chromatography-tandem mass spectrometry (LC-MS) at Uppsala Biomedical Centre, Sweden. The yield was calculated to 0.8 mg per gram starting material and 1% of the protein content of the extract. 29 
| Investigation of the binding of mAb 103 and 14G4 to native Equ c4
Analysis of the mAb 103 and 14G4 used in the assay included biotinylation of native Equ c 4 (nEqu c 4) 29 recombinant Equ c 2 and native Equ c 3 was also tested in concentration ranging from 1 μg/mL down to 0.017 ng/mL. All three allergens were produced and purified according to previously described protocols. 29 
| Quantification of the horse allergen Equ c 4 levels by ELISA
Horse allergen Equ c 4 levels were determined using a two-site sandwich ELISA (mAb 103 and mAb 14G4 from Mabtech AB, Stockholm, Sweden). 6, 27 The horse allergen standard (Allergon, were used, where 1 U is equal to 1 ng protein of the horse standard, since no international standard was available. The detection limit 
| Standard
The standard curve for Equ c 4 was in the range 1.5-198 U/mL for dander and between 1.6 and 206 U/mL for saliva and urine. Dander samples had to be analysed using two standard preparations due to technical problems. Since the standard prepared was not enough to run all samples, therefore, a new standard was prepared from the same batch as the first standard. Agreement of data generated using the two standards was assessed by analysing 25 dander samples using both standards on two days, 2 February and 16 February 2017.
The mean value and difference on the log scale for each sample pair were calculated and plotted vs each other as suggested by Bland and Altman. 30 Points should be spread around zero and show no systematic trend if the two standards are in good agreement, see Figure 1 .
| Statistical analysis
As seen in Figure 1 , the average log difference between standard 1 and standard 2 was about 0.2. This was added to the log-transformed dander values obtained using standard 2 to adjust for this systematic bias. Differences between the breeds were estimated using a linear mixed effects model. Age, gender and breed were included as fixed effects, while horse-specific intercepts and by-breed time trends were included as random effects. Visual inspection of residual plots did not reveal any deviations from the assumptions of constant variance and normality when log-transforming the dander and saliva values. All analyses were done using R 31 version 3.3.1 using the Ime4package. 32 Multiplicity adjusted 95% confidence intervals for the estimated differences were obtained using the multcomp package. 33
| RE SULTS
| Monoclonal antibodies 103 and 14G4 bind to native Equ c 4
The mAb's103 and 14G4 were shown to bind to nEqu c 4 when used in concentrations ranging from 1 μg/mL down to 0.004 μg/mL, see 
| Horse dander and saliva
The Descriptive Figure 3A ,B illustrates the levels of Equ c 4 (U/μg protein) in dander ( Figure 3A ) and saliva ( Figure 3B ) from the ten breeds included in this study.
The dark grey area represents levels from samples taken in 2013 and light grey from 2014. Figure 4A Table 1 .
Adjusted comparisons between breeds, presented as ratios, are shown in Figure 5 with dander ( Figure 5A ) and saliva ( Figure 5B ).
Data are arranged from the lowest ratio at the top to the highest at the bottom. For example, at the top of Figure 5A , the mean value for the North Swedish horse (N) was 0.22 (95% CI 0.08-0.58) times lower than the mean value for the American Quarter horse (AQ). Likewise, at the bottom of the figure, the mean value for the Standardbred (S) was 3.15 (1.10-9.04) times higher than the mean value for the North Swedish horse (N). Regarding dander, we could not find any differences between breeds, while for saliva samples the mean value for the North Swedish horse was lower compared to all the other breeds in this study, which is highlighted in Figure 5B .
The estimated differences in levels of Equ c 4 between stallions, mares and geldings adjusted for age, breed and time trend, are shown in Figure 6 for dander ( Figure 6A ) and saliva ( Figure 6B ).
Stallions showed significantly higher levels of Equ c 4 in both dander and saliva than mares and geldings in this study. A ratio of 1 indicates that the mean values were equal. The geometric mean value in dander for stallions was almost three times higher than that of geldings and mares. Mares had slightly higher levels of Equ c 4 than geldings in saliva. for both dander and saliva samples is shown in Figure 7 . Correlation coefficients for dander were ρ = 0.72, for saliva ρ = 0.38 and totally ρ = 0.85.
| Horse urine
The horse allergen Equ c 4 was detected in urine samples from 19 of 21 horses. The geometric mean value was 0.004 Equ c 4 (U/μg protein) with a geometric SD of 5.81. Levels of Equ c 4 in urine were 10 000-fold lower than in saliva samples. It was not possible to compare breeds or sexes because of the low number of urine samples. Estimated differences, presented as ratios, of the sex-specific mean level of Equ c 4 in dander and saliva adjusted for age, breed and time trend, showed that stallions had higher levels than mares and geldings.
| D ISCUSS I ON
In dander samples, our data demonstrate that there were no differences in Equ c 4 levels between breeds. In saliva samples, the Previous studies have reported quantification of horse allergen with mAb's 103 and 14G4 as units of Equ cx. 6, 27, 28 In this study, we have shown that these mAb's bind to native Equ c 4, and not to Equ c 1, Equ c 2 or Equ c 3, which could therefore be used as a reagent to specifically target this allergen.
Generally, dander, fur and skin extracts have been used to identify various allergenic proteins from furry animals, such as cat, dog, cattle and horse. However, animal saliva has also been shown to be an important source of allergens. The major cat allergen, Fel d 1, is present in tears, skin and saliva. 34 The dog allergens Can f 1-4 and Can f 6, which belong to the lipocalin and albumin protein family, have been found in dander and saliva. 35 In one study, 20% of dog allergic patients were shown to be IgE-negative to dog dander, while they were IgE-positive to saliva. 36 Horse dander, saliva and urine are all important allergen sources for people working in the stable environment. However, for people allergic to horses, dander is more likely to be the most relevant source of the horse allergen Equ c 4, since dander is easily airborne.
A pattern between males and females and the effect of castration of male horses, similar to the one observed in this study, has been reported regarding the main cat allergen (Fel d 1) in fur. Male cats seem to produce higher levels of Fel d 1 than female cats. 37 The production of Fel d 1 allergen seems to be influenced by the production of hormones. A decrease could be seen after castration of the cats and the levels increased significantly after injecting testosterone. 38 We are not aware of any study showing that testosterone levels in horses affect the production of Equ c 4. Another study showed that working with male rodents may increase the risk of allergy to laboratory animals because male rodents excrete up to 100-fold higher amounts of allergens in urine than females. 39
In conclusion, our results show a high variability in levels of the allergen Equ c 4 in dander and saliva between individuals both within breeds and between breeds. Significantly higher levels were found in stallions compared to mares and geldings, independent of breed.
Our results suggest that none of the horse breeds studied here can be recommended for individuals allergic to Equ c 4.
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